This paper uses high frequency exchange rate data for a group of twelve Latin American countries to analyze volatility comovements. Particular interest is posed on understanding the existence of a common volatility process during the 1994-2005 period. The analysis relies on bivariate common factor models. We test for second-order common features using the common ARCH-feature methodology developed by Engle and Kozicki (1993) . Overall, the results of this paper indicate that while most currencies display evidence of time-varying variance, the volatility movements in the Latin American foreign exchange markets seems to be mainly country specific. Only a few markets show evidence of a common volatility process. period. The analysis relies on bivariate common factor models. We test for second-order common features using the common ARCH-feature methodology developed by Engle and Kozicki (1993) . Overall, the results of this paper indicate that while most currencies display evidence of time-varying variance, the volatility movements in the Latin American foreign exchange markets seems to be mainly country specific. Only a few markets show evidence of a common volatility process.
INTRODUCTION
Since the 1990s, Latin American and Caribbean countries have implemented a series of significant policy changes and structural reforms. Such reforms, mandated by the International Monetary Fund (IMF), included drastic fiscal restraints, financial and trade liberalization, deregulation of government-owned firms, and liberalization of exchange rate regimes.
i Although macroeconomic policy coordination was not formalized as an agenda, these changes have led to convergence in macroeconomic policies and to an increase in the interdependence of both trade and financial markets. As a result, economic policies and developments in one country have the potential to impact the whole region.
Given this convergence, exchange rates assume a particular important role.
Exchange rate movements in one country can affect sales, profit forecasts, capital budgeting plans, and the value of international investments in a whole host of countries that trade with one another. Therefore, exchange rate developments in one country could significantly impact the region's economic stability. In this article, we investigate the dynamics and cross-country relationships among currencies in Latin America. More specifically, we focus on the existence of a common volatility process in Latin American exchange rates, and ask whether intracurrency variability is dominated common regional (or global) factors. That is, we analyze whether there are common factors driving volatility across these foreign exchange markets, or whether the mechanism driving volatility is market specific.
ii Furthermore, information about a common volatility process is useful in order to assess the extent of currency risks taken by investors within and outside the region.
Moreover, identifying a common volatility process is of interest given, in the past few years, that there has been an effort to consolidate and increase the market for derivative trading within Latin America. Indeed, there are already several securities exchanges in the region that trade derivative contracts, while over-the-counter derivative markets are emerging domestically.
iii Any risk reduction through the identification of intracurrency relationships would be beneficial. Thus, the finding that these currencies exhibit a common volatility process could be useful information in the creation of cross-hedging policies based on derivatives (e.g., FX swaps).
To date, there are few extant studies on the properties of high frequency exchange rates within Latin America. Those that have been undertaken typically addressed the existence of regional comovements in other macroeconomic variables (see, for example, Susmel, 2001, 2003; Escaith et al., 2002; Hecq, 2002; Loayza et al., 1999) .
Whilst studies examining exchange rate movements have focused on market efficiency and long-run properties of official and/or parallel foreign currency markets (Diamandis, 2003) .
Based on a factor ARCH model, we investigate the existence of common factors driving intracurrency variability using an application of Engle and Kozicki's (1993) common features methodology. This methodology is a generalization of the concept of cointegration, and is based around the principle that if two series exhibit a feature individually but a linear combination of the two series does not exhibit the feature, then commonality exists. Thus we first test each currency for time dependent variance and then we form bivariate portfolios and test them for common volatility. In summary of the results below, whilst most currencies display evidence of time-varying variance, the volatility movements in Latin American foreign exchange markets seem to be mainly country specific. That is, only a few markets show evidence of a common volatility process.
The paper is organized as follows. Section 2 discusses the theoretical background and econometric methodology. In Section 3 we describe the data and the stochastic properties of high frequency exchange rates in Latin America. In Section 4 we use daily and weekly data for the 1994-2005 period to test for common volatility processes among foreign exchange markets in Latin America. Section 5 presents a summary and concluding remarks.
BACKGROUND THEORY AND ECONOMETRIC METHODOLOGY
The research on common features was born out of an academic interest to analyze, within a multivariate framework, whether time-series variables shared certain features. Engle and Kozicki (1993) generalized the concept of cointegration and developed a statistical test for the hypothesis that a feature of one series is common to other series. Such a feature would be common if there is a linear combination of the series for which the feature no longer exists.
iv
The theoretical and econometric developments on cointegration have been widely applied in the literature. In contrast, the concept of common volatility is less known.
Some of the most important applications of the common feature methodology in foreign exchange markets is the analysis of volatility comovements (see Alexander, 1995a) . In this case, we can identify the direction of volatility comovements when responding to a common factor. Therefore, the analysis can highlight whether an individual can offset the risk from a position in one currency by taking a position in another (across market risk diversification). This hedging could be possible if the exchange rates share some common volatility. In this context, an investor could diversify by forming time invariant variance portfolios. Additionally, the amount and types of existing common features are indicators of the degree of market integration. The existence of common ARCH factors could be the response to global or regional factors affecting intracurrency variability.
The common volatility approach to the common feature testing is based on factor-ARCH structure models such as those proposed by Engle (1987) and Diebold and Nerlove (1989) . In this type of model, asset prices are driven by a small number of latent variables, called factors, and by idiosyncratic disturbances. The latent variables have specific characteristics or features that influence the observables and give them this feature. This specification allows for a more tractable system of smaller dimension (Engle and Marcucci 2002, 2006) .
The methodology for common volatility is based on the result that two stationary autoregressive conditional heteroscedastic time series have a common ARCH factor if and only if there exists a "no-ARCH" linear combination. The factor model specifies a covariance matrix having the property of a linear combination with "no ARCH." That is, there is a linear combination of the two series that does not display conditional heteroscedasticity. Suppose that returns on assets denominated in two Latin American currencies, denoted by x 1t and x 2t , have the following properties:
and An investor with assets denominated in currency t x 1 and t x 2 could hedge her/his investment if both currencies share a common volatility process. In this case, with a scale factor λ , she/he can reduce the risk of a portfolio to
. From a more general point of view, if both currencies share a common volatility process, it is also an indicator of integration among the countries. These two countries are responding to similar factors that cause volatility in their foreign exchange market.
The sign of λ determines the relationship between the currency returns corresponding to a common conditionally heteroscedastic factor. A negative λ suggests that changes in the volatility process are generally in the same direction. On the other hand, if the changes are in opposite directions, a positive coefficient allows the individual fluctuations to offset one another (see Alexander, 1995 a,b, Engle and Susmel, 1993) . Engle's (1982) LM test, which is distributed as χ 2 with degrees of freedom equal to the number of over-identifying restrictions. Each squared currency return is regressed on a constant and lags of its own. We test the null hypothesis of "no ARCH" and the critical value is obtained by multiplying the uncentered R 2 by the sample size T (TR 2 ).
In the second step, we conduct a multivariate ARCH test for all squared currency returns. This multivariate ARCH test is conducted by regressing each squared currency return on a constant, and two information sets containing their own lags and lags of other squared currency returns. The first information set contains data for North America,
Central America and the Caribbean (MARCH-NC), and the other contains lags of South
American countries (MARCH-SA). vi The idea is to identify whether other currencies in the region are able to explain the volatility process in each country.
From the previous two steps, we take all series that are found to have significant ARCH and include them in the common volatility test. Series with "no ARCH" are not included in the test. Including series with no ARCH effect could be misleading in several ways. When testing for common volatility we are testing for the null hypothesis of "common volatility" or "no ARCH" in a linear combination of two currency returns.
Thus, if one of the series does not have a time-dependent variance ("no ARCH"), then a linear combination with another series that possesses the ARCH feature might give false results, yielding a critical value that implies a failure to reject the null hypothesis and incorrectly conclude that both series have common volatility. The minimization is conducted through a quasi-Newton optimization method, BFGS, and through a grid search with inclusive bounds for λ of -100 and 100 and in a 0.01 sequence. ix We expanded the interval for the grid search whenever the minimization resulted in λ equaling one of the bounds. In Figure 1 we show the case of a bivariate portfolio consisting of the Chilean peso and Colombian peso, where Chile's coefficient is normalized to be one. As we can see from the graph, the minimum is well defined and so is the case for most bivariate portfolios.
Whenever the minimum TR 2 exceeds the critical value, we reject the null hypothesis of common volatility. Conversely, when we fail to reject the null hypothesis we conclude that the portfolio no longer displays ARCH and that the currency returns share a common volatility process. From this step we identify all portfolios that are not correlated in the squares with any information included in Z t . Such portfolios are the candidates to be "no ARCH" portfolios, or portfolios that share a common ARCH factor.
DATA DESCRIPTION AND DESCRIPTIVE STATISTICS
In this paper, we use data for twelve Latin-American currencies. The use of daily and weekly data is typical in this literature. Weekly data are often included to avoid the noisiness typically encountered in daily data and to avoid the "weekend effect." It also eliminates nonsynchronous trading and problems of short-term correlation. It is rather common to find weekly estimates based on Wednesday reports or using an average from "Thursday to Thursday" in which weekend data is excluded. We use both measures in our estimation. Because of space considerations and because the results do not change considerably, we only present the results based on Wednesday reports.
The focus of this paper is on data corresponding to the last decade because, during this period, the currencies of the sample have gradually moved towards more flexible exchange rate systems (i.e. Brazil, Chile, Colombia, Mexico, Peru). It is also important to note that the data on exchange rates used in this study pertains to the official market. For some currencies, there still might be significant foreign exchange traded in parallel markets, which coexist with the official market (see Diamandis, 2003) . is of importance because it can capture the presence of a small number of large movements in any direction, are typically positive, indicating the presence of a few relatively large devaluations during the period. This is consistent with the tendency for the countries within our sample to practice policies oriented toward devaluation. As indicated by the Jarque-Bera statistic (JB), the null hypothesis of normality was rejected for most currency returns and, therefore, the unconditional distribution for all currency returns is non-normal. Finally, the Ljung-Box (LB) statistics suggest the presence of autocorrelation in both the mean and variance of our series.
COMMON VOLATILITY IN THE FOREIGN EXCHANGE MARKET

Daily Results
In testing for common volatility, we first explore the presence of ARCH factors in each currency return. To test for ARCH, we use a version of Engle's (1982) LM tests for the null hypothesis of "no ARCH" in which each squared currency return series is regressed on a constant and lags of itself. We use 1 to 4, 8, and 12 lags because increasing the lag length can capture the GARCH effects (Alexander, 1995a) .
The results of univariate ARCH tests are reported in Subsequently, we conduct the test for common volatility for all possible bivariate portfolios, although Venezuela is excluded from the analysis because of the absence of time-varying variance (and hence there can be no common ARCH). However, when testing for common volatility for the whole period (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) , no common ARCH is found. Therefore, for daily data, despite the evidence of conditioning effects between volatility as given by the MARCH test, there is a lack of evidence of a common volatility process within these foreign exchange markets. One plausible explanation for the lack of common ARCH in daily data is that such data might be too noisy to detect any common feature (see Alexander, 1995a,b and Engle and Susmel, 1993) .
Weekly Results
We also make use of a sample of weekly data. The use of weekly data allows us to avoid the noisiness typically encountered in daily data. In this sample, as with daily data, the null hypothesis of "no ARCH" is rejected for most of the currency returns at the 5% level of confidence (see Table 3 ). Thus, most currencies pass the first test and are included in the test for common volatility. The last four panels of Table 3 present the estimates of the multivariate test. Again, the Venezuelan Bolivar did not pass any of the tests and as a result, this currency is not included in the tests for common volatility.
We then proceed to conduct the common volatility test for which Table 4 contains information on all of the portfolios that passed the test for common volatility. Most of the portfolios that passed the test were in relation to Argentina and Chile. In particular, to note some examples, the portfolio of Argentina and Uruguay displayed common conditional variance with a factor λ = 0.84. This suggests that the movements on the conditional volatility of both currencies are in opposite directions. On the other hand,
Chile and Colombia share a common ARCH factor with a negative λ (-0.67), thus it moves in a similar direction, which weakens and strengthens in the same fashion.
Overall, the results of common volatility as indication of financial linkages are warranted for the case of Argentina and Uruguay. These two economies are highly integrated both financially and in terms of trade, as they are part of the Mercosur. Also, countries like Chile and Colombia have followed similar macroeconomic policies. They both are inflation targeters and they have followed similar exchange rate regime strategies.
SUMMARY AND CONCLUDING REMARKS
In this paper, we investigate the dynamics among Latin American countries in terms of foreign exchange market integration and volatility comovements using daily and weekly data for the 1994-2005 period. First, we examined time series properties of Latin American exchange rates. Several characteristic properties of major exchange rates, already documented in the literature, are also found for Latin America. Specifically, we find that at daily and weekly frequency, the exchange rates have an asymmetric nonnormal distribution with higher probability in the tails relative to the normal distribution.
In order to test for any common volatility process in these foreign exchange markets, we apply a factor ARCH model and the methodology of Engle and Kozicki's (1993) common features principle. First, we tested each currency for time-dependent variance. Second, we formed bivariate portfolios and tested them for common volatility.
Our results indicate that most of the currencies (with the exception of Venezuela) The results from daily and weekly data indicate that with a few exceptions, exchange rates in Latin America do not share a common volatility process. Thus, most countries' currency return variance is not driven contemporaneously by factors common to other currencies' volatility. It also may be that the common factors are too small (so as not to be detected) relative to the idiosyncratic components.
These results are similar to that reported elsewhere in the literature for financial variables. That is, for example, Edwards and Susmel (2003) (in the case of interest rates)
and Edwards and Susmel (2001) (in the case of the stock market), find that during the 1990s, there is only weak evidence of volatility comovements across Latin American countries, and they do not support the existence of contagion. Similarly, Berg, et al. (2003) find that the degree of comovements of several financial variables, including the exchange rates, is not higher among Latin American countries than it is among other emerging markets.
Our findings have several implications. Most notably, the variances of each currency appear to be largely country specific. Therefore, intracurrency diversification within the region is not a straightforward strategy for portfolio risk reductions, and further analysis regarding properties of high frequency exchange rate data for Latin America must be carried out. On the other hand, this weak evidence of common volatility could be stemming from a variety of situations: i) capital controls may insulate countries from regional factors; ii) the significant foreign exchange traded in the black markets may limit findings of common volatility. It is possible that common volatility is more likely to be observed the black rather than in the official markets. Note: *,**, *** indicate 1%, 5% and 10% significance level. These are the TR 2 critical value for the null hypothesis of no ARCH. The TR 2 statistic for the ARCH test is generated from regressing the squared currency return on a constant and lags of own squares. The test distribution is χ 2 with degrees of freedom p = 1, 2, 3, 4, 8 and 12. (i.e. ARCH(p) indicates univariate ARCH with p lags). MARCH is an ARCH test with a multivariate information set. The test is conducted by regressing the squared currency return, on a constant, lag of its own and lags of other currency returns. The numbers in parenthesis give the Wald test statistic for the significance of exogenous variables. Note: * Significant at the 5% level. Results are the minimum TR 2 of the regression of y(λ) = (x 1t + λx 2t ) 2 on a constant and a multivariate information set Z t (four lags of each currency (x 1t and x 2t ), and four lags of cross products (x 1t * x 2t )). ARCH (4) is referred to an ARCH test of the portfolio y(λ) on four own lags. Endnotes i Many of these reforms were included in the Washington consensus (1990) as a response for the financial crises that the region underwent in the 1980s (see Edwards, 1998 Edwards, , 2003 .
ii Common volatility could be driven by a number of factors including oil prices, policy coordination, etc. Engle and Kozicki (1993) , three axioms follow the common feature methodology: i) If x 1t has (does not have) the feature, then ax 1t with a≠0 will have (not have) the feature; ii) If neither x 1t nor x 2t have the feature, then a linear combination of them will not have the feature; and finally, iii) if x 1t does not have the feature and x 2t does have the feature, then y = x 1t + x 2t will have the feature. viii The criterion to determine the optimal number of lags is not formally specified in the literature. However, in this study we follow the convention by using four lags of currency 1, four lags of currency 2, and four lags of cross products. ix BFGS stands for Broyden-Fletcher-Goldfarb-Shanno. Both methods were used as a check for robustness. The results using the two methods did not differ much; both led to similar conclusions. The grid search helped to determine if the minimum is well defined. In fact, when looking at all combination of currencies, we find that, in general the minimum is well defined for most currency pairs.
x Daily data corresponds to five days a week (weekends excluded). Initially we included 14 currencies but we excluded the Costa Rican and Nicaraguan currencies. The reason lies in that their returns were I(1) processes therefore not confirming the stationarity property. The sample for Argentina starts in 2001. Before 2001, its currency was pegged to the U.S. dollar. Most data comes from Bloomberg's' database but the data from Bolivia and the Dominican Republic, which come from their own central banks.
xi For the returns we use x t = [log (e t ) -log (e t-1 )]*100 where e t is the exchange rate in day t and x t denotes daily currency return. The log of the nominal exchange rates is expressed in foreign currency received for one U.S. dollar. The validity of this first-difference transformation in rendering the underlying series stationary is confirmed by the results of unit root tests using the ADF, DF-GLS and KPSS tests (not shown here). xii We also conducted bivariate ARCH tests, but the results are not presented but available upon request. The results are in line with the conclusions obtained from the MARCH test.
